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Abstract 

Proliferative vitreoretinopathy (PVR) is still the major cause of failure in retinal detachment (RD) surgery. It is believed that 
down-regulation in the p53 pathway could be an important key in PVR pathogenesis. The purpose was to evaluate the 
impact of T309G MDM2 polymorphism (rs2279744) in PVR. Distribution of T309G MDM2 genotypes among European 
subjects undergoing RD surgery was evaluated. Proportions of genotypes between subsamples from different countries 
were analyzed. Also, a genetic interaction between rs2279744 in MDM2 and rsl 042522 in p53 gene was analyzed. Significant 
differences were observed comparing MDM2 genotype frequencies at position 309 of intron 1 between cases (GG: 21.6%, 
TG: 54.5%, TT: 23.8%) and controls (GG: 7.3%, TG: 43.9%, TT: 48.7%). The proportions of genotypes between sub-samples 
from different countries showed a significant difference. Distribution of GG genotype revealed differences in Spain (35.1- 
53.0)/(22.6-32.9), Portugal (39.0-74.4)/(2 1.4-38.9), Netherlands (40.6-66.3)/(25.3-38.8) and UK (37.5-62.4)/(23.3-34.2). The 
OR of G carriers in the global sample was 5.9 (95% CI: 3.2 to 1 1 .2). The OR of G carriers from Spain and Portugal was 5.4 (95% 
CI: 2.2-12.7), whereas in the UK and the Netherlands was 7.3 (95% CI: 2.8-19.1). Results indicate that the G allele of 
rs2279744 is associated with a higher risk of developing PVR in patients undergoing a RD surgery. Further studies are 
necessary to understand the role of this SNP in the development of PVR. 

Citation: Pastor-ldoate S, Rodriguez-Hernandez I, Rojas J, Fernandez I, Garci'a-Gutierrez MT, et al. (2013) The T309G MDM2 Gene Polymorphism Is a Novel Risk 
Factor for Proliferative Vitreoretinopathy. PLoS ONE 8(12): e82283. doi:10.1371/journal.pone.0082283 

Editor: Klaus Roemer, University of Saarland Medical School, Germany 

Received September 30, 2013; Accepted October 31, 2013; Published December 9, 2013 

Copyright: © 2013 Pastor-ldoate et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Funding: This work was supported by SAF 2007-66394, FIS P1 10/0021 9 and Group of Excellence Grant (GR15) from Junta de Castilla y Leson. The funders had no 
role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. 

Competing Interests: The authors have declared that no competing interests exist. 

* E-mail: gonzalez@usal.es (RGS); pastor@ioba.med.uva.es (JCP) 

II Membership of the Genetics on PVR Study Group is provided in the Acknowledgments. 



Introduction 

Proliferative vitreoretinopathy (PVR) is still the major cause of 
failure in retinal detachment (RD) surgery [1], affecting 5% to 
10% of RD and accounting for approximately 75% of all primary 
failures after RD surgery [1,2]. It is considered an abnormal 
wound-healing process induced by a retinal break allowing the 
posterior escape of retinal pigment epithelium cells (RPE) into a 
pro-inflammatory vitreous environment [3-7]. In any RD, the 
blood-ocular barrier breaks down, possibly due to disruption of the 
photoreceptor-RPE cell interface, then inflammatory cells are 
recruited increasing the inflammatory mediators production into 
the vitreous cavity [8-10]. Growth factors and cytokines in the 
vitreous cavity seem to be responsible for RPE migration, 
metaplasia and proliferation [11-13], which can result in the 
development of epi and subretinal membranes which are some of 
the characteristic clinical features of PVR. Tangential contraction 
of the membranes leads to reduced internal diameter of the retina 



and subsequent tension which rapidly develops into RD once a 
break allows ingress of subretinal fluid [14-16]. Some of those 
growth factors are also responsible of the glial cell hypertrophy 
causing important changes inside of the retinal tissue and inducing 
a shortening of the neuroretina, the most severe form of PVR [17]. 

Although PVR was identified in 1983 as an independent entity 
[18], and many efforts have been made for treating and preventing 
it during these years, there is neither current available medical 
treatment nor prophylaxis. Nowadays, treatment for PVR 
consisted of surgery, with an anatomically successful of 60% to 
80% in the less severe cases and below of 40% in the most severe 
cases [19,20]. Surgical procedures have a significant cost [21], 
involve the risk of recurrence [22], and above all have poor 
functional results [23-26]. Besides the efforts to identify nonsur- 
gical approaches to treat PVR, they have not had success [27-29]. 

Most research has to date attempted to identify the clinical risk 
factors related to the development of PVR after RD; however, 
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these clinical factors do not completely explain the probability of 
its onset [30]. Since PVR is a cell-based inflammatory response, 
like other inflammatory responses, genetic susceptibility may have 
an important role. In previous studies, we have partially described 
the contribution of the genetic component to PVR [31-34]. Single 
nucleotide polymorphisms (SNPs) have important implications for 
human genetic diseases and they may help to identify the genetic 
predisposition of certain diseases, either as a causative or 
protective factor. 

Besides the role of many inflammatory mediators in the 
development of PVR and RD [35], previous studies have shown 
increased level of p53 and the activation of various cell death 
mechanisms after RD [36,37]. Also it has been reported that 
photoreceptor death after RD and subsequent visual loss could be 
caused by apoptosis or other cell death pathways, such as 
programmed necrosis, when the pathways for apoptosis were 
inhibited by some drugs [38-40] . 

In normal unstressed cells, p53 is a very unstable protein with a 
half-life ranging from 5 to 30 min, which is present at very low 
levels owing to continuous degradation largely mediated by 
murine double min 2 protein (MDM2) [41,42]. Importantly, 
MDM2 itself is the product of a p53-inducible gene [42] . Thus, the 
two molecules are linked to each other through an autoregulatory 
negative feedback loop aimed at maintaining low cellular p53 
levels in the absence of stress and limiting the duration and severity 
of various p53-mediated biological responses after a non-lethal 
stress response. Conversely, a hallmark of many cellular stress 
pathways such as DNA damage, hypoxia, ischemia, telomere 
shortening, and oncogene activation is the rapid stabilization of 
p53 via a block of its degradation [41]. 

Recently, it has been reported that the levels of p53 expression 
could be a checkpoint in the development of RD and PVR, and 
how its local increase in the vitreous by using inhibitors of MDM2, 
seem to be a promising approach as a prophylaxis in experimental 
RD and also in experimental PVR [43]. 

The MDM2 gene is a key negative regulator of p53 and in 
humans seems to have two promoter-enhancer regions that 
regulate the levels of MDM2 mRNA. The first promoter is 5 ' to 
the first exon and likely regulates the basal level of MDM2 in a 
nonstressed cell. The second promoter region is in the first intron 
and this region increases the expression of MDM2 after a p53 
response [41,42]. This intron is composed of 524 nucleotides with 
the T>G SNP at nucleotide 309. The G/G variant increases the 
binding affinity of the transcriptional activator Spl resulting in 
high levels of MDM2 protein; formation of transcriptionally 
inactive p53-MDM2 complexes and a consequent decreased 
activity of the p53 pathway [44,45]. 

Thus, the purpose of this study was to analyze the distribution of 
the MDM2 T309G polymorphism in the first intron of MDM2 
gene, in a consecutive sample of patients undergoing primary 
rhegmatogenous RD surgery with and without PVR, recruited 
from several European clinical centres through the project named 
Retina 4. 

Materials and Methods 

Ethics Statement 

The study was approved by the local Ethics Committees of 
Instituto de Oftalmobiologia (IOBA-Retina Group) (Valladolid, 
Spain), Hospital San Joao (Porto, Portugal), Moorfields Eye 
Hospital (London, United Kingdom) and Rotterdam Eye Hospital 
(Rotterdam, Netherlands) and followed the tenets of the Decla- 
ration of Helsinki. All patients received written informed consent 
before entering in the study. 



Design and study population 

DNA samples from the Retina 4 project were analyzed. This 
work is made up in two steps: first, a candidate gene association 
study in the T309G polymorphism (rs2279744) located into the 
MDM2 gene was carried out. Second, the interaction between this 
polymorphism and the p53 codon 72 polymorphism (rs 10425229) 
was investigated. 

Candidate gene association study 

The association study was carried out among 555 patients from 
7 centers: 3 in Spain, 2 in Portugal, 1 in the United Kingdom (UK) 
and 1 in Netherlands. The global sample was divided in sub- 
samples according to the country for the analysis. This study was 
carried out in two phases. In the first one, sub-samples from Spain 
and Portugal were analyzed. After significant results were found in 
this first cohort, subsequent samples from the UK and the 
Netherlands were analyzed (second phase). To compare if there 
were differences regarding geographical localization in the odds 
ratio analysis, Spain and Portugal were considered as Southern 
countries and the UK and the Netherlands as Northern countries. 
Genotypic and allelic frequencies were also compared between 
cases and controls in the global series. 

Detailed explanation of the exclusion and inclusion criteria for 
classification of patients has been provided in a previous 
publication [33]. In brief, all participants were patients with a 
primary rhegmatogenous RD who underwent surgery. Exclusion 
criteria were: age under 16 years old; traumatic, tractional, 
exudative or iatrogenic RD; RD secondary to macular hole or 
giant retinal tears (larger than 3 clock hours) and pre-operative 
PVR grade higher than B. Those who did not develop clinical 
signs of PVR after 3 months of follow-up were included in the 
control group. Those who developed PVR grade CI or higher, 
according to Machemer classification, were included as cases. 

Genetic interaction 

Interaction between the MDM2 polymorphism (rs2279744) and 
one SNP (rs 1042522) located in the p53 gene previously identified 
by our group as significantly associated to PVR [33] was 
investigated. Samples used for analyzing p53 polymorphism were 
same samples than for the MDM2 SNP. Carriers of Pro variant of 
rsl042522 and G variant of rs2279744, were analyzed in the 
global sample and in the sub-samples from different countries. 

Genotyping 

Genotyping of the MDM2 T309G polymorphism was per- 
formed at the Molecular Medicine Unit at the University of 
Salamanca, (Salamanca, Spain) blinded to the clinical status of 
patients, using the PCR-RFLP (Polymerase Chain Reaction- 
Restriction Fragment Length Polymorphism) technique [46,47]. 

The MDM2 T309G polymorphism was detected after ampli- 
fication of genomic DNA with the forward primer 5'- 
GAGGTCTCCGCGGGAGTTC-3' and the reverse primer 5'- 
CTGCCCACTGAACCGGC-3'. MDM2 intron 1 was amplified 
within a 155 pb DNA fragment that was digested with the 
restriction endonuclease MspAH (New England Biolabs, Inc.). 

PCR reactions were performed in a 50-ul reaction mixture 
containing 100-200 ng of target DNA, 20 pmol of each primer, 
2.5 mil MgCl 2 , 50 uM of each dNTP and 1.25 U of HotMaster 
Tag DNA polymerase (5 Prime GmbH, Hamburg, Germany). 
DNA was amplified with the following steps: an initial 5-min 
denaturation at 94°C, followed by 35 cycles of 94°C for 30 s, 61°C 
for 30 s, 72°C for 30 s, and a final elongation at 72°C for 10 min. 
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Figure 1. PCR-RFLP to determine MDM1 SNP309 polymorphism. MDM2 SNP309 T allele is not cleaved by MspAH endonuclease and 
generates a single fragment of 155 bp. The MDM2 SNP309 G allele is cleaved by MspAII and generates two small fragments of 101 and 54 bp. The 
MDM2 SNP309 heterozygote displays three fragments of 155, 101 and 54 bp. 
doi:1 0.1 371 /journal.pone.0082283.g001 



The resulting fragments were separated on 3.5% agarose gel 
(Figure 1) and the ethidium bromide-stained fragments were 
analyzed under a UV source, using the Kodak Digital Science ID 
image analysis system. 

The polymerase chain reaction fragments, containing T and G 
alleles, after digestion migrated as 2 fragments of 101 and 54 bp 
for G homozygotes (GG), 1 fragments of 155 for T homozygotes 
(TT), and 3 fragments of 157, 101 and 54 bp for heterozygotes 
(TG). 

Statistical analysis 

The quality of data was evaluated in control sub-samples by 
Hardy- Weinberg equilibrium using the Chi-square test. Genotypic 
frequencies were estimated in each sub-sample. The proportions of 
genotypes and the G homozygote groups between sub-samples 
were analyzed. Also, the genotypic and allelic frequencies were 
compared between cases and control in the global sample and in 
the sub-samples from different countries. In the genetic interac- 
tion, patients carrying the Pro variant of rs 1042522 and the G 
variant of rs2279744 were analyzed in the global sample and in 
the sub-samples from different countries. 

Association was investigated using the Chi-Square and the 
Fisher's tests. The strength of association was measured using 
Odds Ratio (OR) and 95% confidence intervals (CI). Two 
inheritance models were considered: co-dominant model that 
allows every genotype to give a different and non-additive risk, and 
recessive model in which two copies of the G allele are necessary to 
change the risk. The Akaike Information Criterion (AIC) [48] was 
used in order to choose the inheritance model that best fitted the 
data. The statistical analyses were performed by using SPSS 16.0 
for Macintosh and R software (Software Foundation's GNU 
project) [49]. 

In order to adjust p-values for multiple comparisons a 
permutation test was performed. We used 1000 random shuffles 
of the case/ control labels to get the correct distribution of test 
statistics under the no-association hypothesis. The ranking of the 
real test statistic among the shuffled test statistics gives the adjusted 
p-values. 

Results 

Candidate gene association study 

A total of 555 peripheral DNA blood samples including 134 
cases and 421 controls were analyzed (203 from Spain (36.57%), 
68 from Portugal (12.25%), 121 from Netherlands (21.80%) and 
163 from the UK (29.36%). Regarding clinical information some 
significant associations were observed. The control group was 
significantly older than cases (p<0.0001) with the difference 
between median of 6 years (95% CI: 3.39-8.31). A significant 



association in patients with history of PVR in the fellow eye was 
found in the cases group. Also status of the lens was determined 
because aphakia has been related to a higher incidence of PVR 
[5,30] (Table 1). There were no significant associations with sex, 
race, affected eye or history of phakic status. There were no 
differences regarding the geographical localization or centre where 
the patients came from. 

There were no failures for the genotyping process, with a global 
call rate of 96.21%. Additionally, in order to ensure accuracy of 
allele-specific results, a randomized selection of samples PCRs 
were assessed by an independent researcher unaware of the 
patients' status. All control sub-samples verified the Hardy- 
Weinberg equilibrium. 

Phase I: genotypic distribution of MDM2 T309G polymor- 
phism in Spain and Portugal. 

The frequencies of the genotypes in each country are shown in 
Table 2. The comparison of proportions of genotypes between 
sub-samples showed a significant difference (p<0.05) between 
cases and controls. Also a significant difference (p<0.05) in G 
homozygote carriers between sub-samples in the control group (CI 
G homozygote: Spain (22.6-32.9), Portugal (21.4-38.9)) and the 
cases group (CI G homozygote: Spain (35.1-53.0), Portugal (39.0- 
74.4)) was found. 

The odds ratio of G carriers from Spain and Portugal together 
considering a co-dominant model (T/T, T/ G and G/ G) (AIC = 
307.7 vs 31 1.4 of a recessive model) was 5.4 (95% CI: 2.3 to 12.7) 
(Table 3). 

Phase II: genotypic distribution of MDM2 T309G polymor- 
phism in UK and the Netherlands. 

The frequencies of the genotypes in patients from the UK and 
the Netherlands are shown in Table 1. Also, the distribution of 
genotypes between subjects from those countries showed statistical 
differences. When G homozygote carriers between cases and 
controls were analyzed a significant difference in both groups of 
patients was found in control (CI of G homozygote: Netherlands 
(25.3-38.8), UK (23.3-34.2)) and cases (CI of G homozygote: 
Netherlands (40.6-66.2), UK (25.3-38.8)). Also, differences were 
found in the odds ratio distribution of homozygous carriers of the 
G variant in patients from the UK and the Netherlands together 
considering a co-dominant model (AIC = 277.8 vs 288.4 of a 
recessive model) (odds ratio 7.3 (95% CI: 2.8 to 19.1) (Table 3). 

When all samples were grouped, (Table 4) significant differences 
in the distribution of genotypes between the controls and cases 
(p<0.05) were found. Also homozygous carriers of the G variant 
were more frequent in PVR cases (CI: 42.9-54.8) than in controls 
(CI: 26.2-32.4). The odds ratio of the G variant in the global 
sample using a co-dominat model (AIC = 584.1 versus 598.7 of a 
recessive model) was 5.9 (CI: 3.2 to 11.2) (Table 3). 
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Table 1. Clinical characteristics of the whole sample. 





Characteristics 


Controls, n RD (%) 


Cases, n PVR (%) 


Total 


P-value* 


Race 








0,064 


-Caucasian 


370 (73.56%) 


133 (26.44%) 


503 




-Hispano-American 


6 (46.15%) 


7 (53.85%) 


13 




-Hindu 


7 (58.33%) 


5 (41.67%) 


12 




-Arabic-North-African 


6 (100%) 


0 


6 




-Sub-Saharan 


2 (50%) 


2 (50%) 


4 




-Asian 


3 (60%) 


2 (40%) 


5 




-Unknown 






12 




Sex 








0,362 


-Male 


248 (71.26%) 


100 (25.37%) 


348 




-Female 


135 (75%) 


45 (31.42%) 


180 




-Unknown 






27 




Status of the lens (Phakia) 








0,233 


-Yes 


250 (74.63%) 


85 (25.37%) 


335 




-No 


131 (68.58%) 


59 (31.42%) 


190 




-Unknown 






30 




RD in fellow eye 








0,528 


-Yes 


32 (76.19%) 


10 (23.81%) 


42 




-No 


355 (68.58%) 


136 (31.42%) 


491 




-Unknown 






22 




PVR in fellow eye 








0,005(*) 


-Yes 


0 


5 (100%) 


5 




-No 


141 (26.70%) 


387 (73.30%) 


528 




-Unknown 






22 




Geographical location 








0,171 


-Northern countries (UK+Netherlands) 


224 (78.87%) 


60 (22.2%) 


284 




-Southern countries (Spain+Portugal) 


1 97 (72.7%) 


74 (27.3%) 


271 





RD: Retinal detachment; PVR: Proliferative vitreoretinopathy. 

*p-value: Chi-squared or Fishers exact test in the statistical analysis of clinical characteristics of the whole sample of the global sample. (*) A significant association in 
patients with history of PVR in the fellow eye was found in the cases group. 
doi:1 0.1 371 /journal.pone.0082283.t001 



Allelic frequencies comparison 

Significant differences in the analysis of the allelic frequencies 
were found between cases and controls in Spain and Portugal and 
between cases and controls in UK and Netherlands (Table 2) 

Genetic interaction 

When the global sample was analyzed, 16 patients (2.91%) who 
meet both p53 and MDM2 genotypes (Pro variant plus G variant 
carriers) (8 patients from Spain and Portugal, and 8 patients from 
the UK and the Netherlands) were found. A significant difference 
in the distribution of genotypes between the controls and cases 
(p<0.0001) was found in the global sample. The odds ratio of Pro 
and G carriers in global sample was 10.19 (95% CI: 3.2 to 31.9) 
(Table 5). 

Significant differences in the distribution of genotypes between 
the controls and cases from Spain and Portugal together 
(p = 0.0006) and UK and Netherlands together (p<0.01) were 
found. The odds ratio of Pro and G carriers from the UK and the 
Netherlands together was 6.5 (95% CI: 1.5 to 28.2), whereas, the 
odds ratio of Pro and G carriers from Spain and Portugal together 
was 20.4 (95% CI: 2.4 to 169.5) (Table 5). 



Discussion 

Our results show that Spanish and Portuguese carriers of the 
homozygous G SNP at position 309 have a 5.4 -fold increased risk 
of PVR after RD than those that carry the T allele. This 
observation was confirmed also in Dutch and British population 
(odds ratio 7.3 (95% CI: 2.8 to 19.1). Interestingly, when Pro and 
G restriction site carriers in the global sample were analyzed, an 
additional effect (odds ratio 10.19 (95% CI: 3.2 to 31.9) was found. 
But both polymorphisms were only present in 16 patients out of 
555 patients. Although significant results were also found in the 
latter analysis, we consider that 16 may be too small a sample to 
draw absolute conclusions and further studies may be necessary in 
order to know the absolute potential risk of this restriction site 
association. 

PVR is considered a multifactorial disease [31,32] and may be 
the result of interaction between genetic and environmental factors 
[30-32]. The difficulty in identifying of patients at risk of 
developing PVR after RD by clinical characteristics [30] justifies 
our efforts to elucidate any genetic components [30-32] . A simple 
genetic test might identify higher risk patients before RD surgery, 
which might then be modified in a more personalized form. 
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Table 3. Models of inheritance in the global sample. 





Model 


Genotype 


Controls 


Cases 


OR* 


CI 95% 


P-value 


AIC* 


Corrected P- 
value 


Co-dominant 


T/T 


205 (48.7%) 


32 (24.0%) 


1.00 




2.0374e-08 


584.1 


0.0009 1 




T/G 


185 (43.9%) 


73 (54.4%) 


2.53 


(1.59-4.01) 










G/G 


31 (7.4%) 


29 (21.6%) 


5.99 


(3.20-11.24) 








Dominant 


T/T 


205 (48.7%) 


32 (24.0%) 


1.00 




2.1 790e-07 


590.7 


0,0009' 




T/G-G/G 


216 (51.3%) 


102 (76.0%) 


3.03 


(1.95-4.70) 








Recessive 


T/T-T/G 


390 (92.6%) 


105 (78.4%) 


1.00 




1.4218e-05 


598.7 


0,0009' 




G/G 


31 (7.4%) 


29 (21.6%) 


3.47 


(2.00-6,02) 








Over-dominant 


T/T-G/G 


236 (56.1%) 


61 (45.6%) 


1.00 


- 


3.3371 e-02 


613.0 


0,0319' 




T/G 


185 (43.9%) 


73 (54.4%) 


1.53 


(1.03-2.26) 








Spain+Portugal 


T/T 


99 (50.3%) 


21 (28.4%) 


1.00 




0.0003 


307.7 


0,0019' 




T/G 


84 (42.6%) 


37 (50.0%) 


2.08 


(1.13-3.82) 










G/G 


14 (7.1%) 


16 (21.6%) 


5.44 


(2.30-12.7) 








Netherlands+UK 


T/T 


106 (47.3%) 


11 (18.3%) 


1.00 




2.6566e-05 


277.8 


0,0009' 




T/G 


101 (45.1%) 


36 (60.0%) 


3.43 


(1.66-7.11) 










G/G 


1 7 (7.6%) 


13 (21.7%) 


7.30 


(2.80-19.01) 









OR* (odds ratio). 

AIC*(Akaike Information Criterion); The AIC is a measure of the relative goodness of fit of a statistical model. It can generally be used for the identification of an optimum 
model in a class of competing models. 

Given a set of candidate models for the data, the preferred model is the one with the minimum AIC value. 
'Permutation test for multiple comparison adjustment. 

Results of odds ratio using a co-dominant model for Spain plus Portugal and Netherlands plus United Kingdom (UK). 
doi:1 0.1 371 /journal.pone.0082283.t003 



Apoptosis is critically important during various developmental 
processes, it is necessary to rid the body of pathogen-invaded cells 
and also is involved in the removal of inflammatory cells and the 
evolution of granulation tissue into scar tissue [50]. Moreover, 
inappropriate apoptosis is an important factor in many human 
pathologic conditions including neurodegenerative diseases, ische- 
mic damage, autoimmune disorders and many types of cancer. In 
addition, it has been reported that a deregulation of apoptosis 
during wound healing can lead to pathologic forms of healing such 
as excessive scarring and fibrosis [50]. 

As mentioned, PVR is considered an abnormal wound-healing 
process induced by the production of a retinal break and vitreal 
escape of RPE cells into an appropriate intraocular pro- 
inflammatory environment [3-7]. It is characterized by several 
intraretinal and extraretinal changes. One of the commonest is the 
extracellular matrix (ECM) formation, produced by activated- 
cytokines RPE cells (RPE cells transdifferentiate into mesenchymal 
like a-smooth muscle actin cells) in the vitreous cavity [51,52]. 



This series of events culminates in the formation of a retina- 
associated membrane over and/ or behind the neuroretina, which 
further contracts and thereby causes recurrent and tractional RD. 
Nevertheless the most severe changes are induced inside the retina 
by stimulating a reactive gliosis that causes a shortening of the 
retina preventing its surgical reattachment [17]. Some of these 
activating cytokines like transforming growth factor-p 1 (TGFfi), and 
tumor necrosis factor a (TNFot), have been previously reported by 
our group in association with PVR [30-32]. 

Current studies have highlighted the involvement of extrinsic 
and intrinsic pathways of apoptosis in retinal cells after RD, and 
also, the existence of other pathways, such as programmed 
necrosis, when apoptosis are inhibited [40]. In addition, a 
proteomic study of human vitreous samples of RD and PVR has 
indicated that p53 could be involved in PVR process [53]. 

An association between p53 Arg72Pro polymorphism and PVR 
has been recently reported by our group [33]. According to our 
results, carriers of the Pro allele of the p53 gene, which are 



Table 4. Distribution of MDM2 T309G polymorphism in the whole sample. 



P-value Fishers Corrected P- 



Genotypes 


T/T 


T/G 


G/G 


Total 


CI 95%* 


test 


value 


OR 2 


CI OR 95% 2 


Cases 


32 (23.9%) 


73 (54.5%) 


29 (21.6%)* 


134 (100%) 


(42.9-54.8)* 


1 .6738e-08 


0.0009 1 


2.3 


(1.73-3.05) 2 


Controls 


205 (48.7%) 


185 (43.9%) 


31 (7.4%) 


421 (100%) 


(26.2-32.4)* 










Total 


237 


258 


60 


555 













1. Permutation test for multiple comparison adjustment. 

2. OR. (Odds ratio). 

*Analysis of G homozygote carriers between case/control group. 
Fishers test. 

doi:1 0.1 371 /journal.pone.0082283.t004 
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Table 5. Genetic interaction between p53 Pro72Arg SNP (rsl 042522) and MDM2 T309G SNP (rs2279744) in the global sample and 
in sub-samples from different countries. 





Genotype 


Sample 


Controls 


Cases 


P-value 


Corrected P-value 


OR* 


95% CI OR 


Pro/Pro + G/G 


Global 


4 


12 


2.1 1 39e-05 


0.0009 1 


10.19 


(3.2-31.9) 




Spain+Portugal 


1 


7 


0.0005 


0.0009 1 


20.4 


(2.4-169.5) 




Netherlands+UK 


3 


5 


0.0130 


0,01 69 1 


6.5 


(1.5-28.2) 



Permutation test for multiple comparison adjustment. 
OR*: odds ratio. 

Results of patients (2.91%), who meet with both genotypes (Pro variant plus G variant carriers). 
doi:1 0.1 371 /journal.pone.0082283.t005 



associated with a decrease in apoptotic function of p53, have 
higher risk of PVR after RD. Furthermore it has been reported 
that suppression of p53 expression might be a necessary event in 
the development of RD and PVR, and maintaining levels of p53 
with agents such as Nutlin-3, which prevents the interaction 
between p53 and MDM2, might be effective in the prophylaxis of 
RD and also PVR vitreous-induced contraction [43]. 

The MDM2 T309G polymorphism affects binding of transcrip- 
tion factor Spl and is associated with an increased expression of 
the MDM2 mRNA and attenuation of the p53 pathway 
[41,42,46,47]. Interestingly, the elevated levels of MDM2 do not 
reduce the levels of p53 in non-stressed cells and the blockage of 
p53 binding to MDM2, using inhibitors of MDM2, promotes 
apoptosis [54]. 

Also, it has been reported that in contrast to other retinal cell 
types, the RPE cells are resistant to apoptosis, to TNFA and 
oxidative stress, which trigger apoptosis in wide range of cells 
[55,56]. These factors, at normal range are generally ineffective in 
this cell type, however, it has also been reported that the use of 
inhibitors of MDM2 produces an increase of expression of 
proapoptotic targets capable of overcoming this inherent RPE 
resistance to apoptosis [54]. 

The MDM2 T309G polymorphism has been associated to 
several cancers [44—47] and also to inflammatory processes [57]. 
Moreover, the association with other polymorphisms of p53 (i.e. 
p53 codon 72 polymorphism) increases the risk of development of 
several tumors [45,46] . 

Results of this work suggest that carriers of the G allele of the 
MDM2 gene, associated with a decrease in apoptotic function of 
p53, have higher risk of PVR after RD. We can speculate that the 
reduction in the levels of apoptosis in retinal cells may activates 
other cell death pathways, like programmed necrosis, which would 
increase the intraocular inflammation after RD, thus generating a 
cascade of tissue responses that generate and amplify the hostile 
microenvironment in which activated RPE can trans-differentiate. 
It is also possible that the decline in the levels of p53 is a crucial 
checkpoint in RD and PVR, and the recently developed ocular 
formulation of Nutlin-3, which can be administered by sub- 
conjunctival injection [58], could be an effective approach to 
achieve a prophylaxis in PVR disease. 

This study had some limitations. One important issue in an 
association study is the sample size [59]. Probably, unlike other 
association studies, our sample is too small and the power sample is 
not enough to draw absolute conclusions, nevertheless, the sample 
collection to achieve greater power would be an extremely 
challenging for a low prevalence condition such as PVR. Cases 
were younger than controls and this could be considered a 
confounding factor. However, this difference was only of 6 year, 
which makes unlikely that this responds to a certain genetic profile. 
It is important to point out that functional polymorphisms are 



considered of interest because they allow us to shed light on the 
molecular basis of different pathologies. They also could be targets 
in the development of new therapeutic strategies. In this case- 
controlled study, we have identified one SNP within the MDM2 
gene that shows a strong association with PVR across several 
groups. Although we have carried out the study in two phases 
these findings must be interpreted with caution until these results 
are confirmed with further replication studies in order to confirm 
its association, because one of the major pitfalls of genetic 
association studies are the false positives [59,60]. 

In summary, this study indicates that the p53 pathway could be 
implicated as a significant risk factor for PVR after RD and also it 
highlights the role of these SNPs (rsl 042522 and rs2279744) as 
possible markers of PVR risk. 

Acknowledgments 

PVR Study Group 

Mario Alfaiate, MD 1 ; Anna Boixadera, MD 2 ; Rosa M. Coco, MD 
PhD :i ; Miguel A. de la Fuente MD, PhD 4 ; Carmen Desco, MD, PhD 5 ; 
Manuel Diaz-Llopis, MD 6 ; Javier Elizalde, MD PhD 7 ; Patricia Femandez- 
Robredo, PhD 8 ; Joao Figueira, MD 1 ; Marta S. Figueroa, MD PhD u ; Ester 
Frances, MD 6 ; Jose M. Gallardo, MD 10 ; Alfredo Garcia-Layana, MD 
PhD 8 ; Jose Garcia- Arumi, MD 11 ; Paula Magro, MD 1 ; Vicente Martinez- 
Castillo, MD 2 ; Jorge Mataix, MD, PhD 5 ; Amparo Navea, MD, PhD 5 ; 
Elena Palacios, MD, PhD 5 ; Marta Perez, MD 9 ; Sergio Recalde-Maestre, 
PhD 8 ; Enrique Rodriguez-de la Rua, MD PhD 3 ' 12 ; Miguel Ruiz-Miguel, 
MD 13 ; David Salom, MD 6 ; Maria R. Sanabria, MD PhD :i ; Xavier 
Valldeperas MD PhD 14 ; Sara Velilla, MD PhD 15 ; Lurdes Zamora, 
PhD 1416 . 

1 Centra Hospitalar e Universitario de Coimbra, Portugal 

2 Hospital Vail dHebron, Institute de Cirugia ocular Avanzada 
(TCOAB), Barcelona, Spain 

3 Instituto de Oftalmobiologia (IOBA), Valladolid, Spain 

4 Ophthalmology Department, Fundacion Jimenez Diaz University 
Hospital, Madrid, Spain 

' Fundacion Oftalmologica del Mediterraneo, Valencia, Spain 
1 Department of Ophthalmology, La Fe University Hospital, Valencia, 
Spain 

Institut Universitari Barraquer, Barcelona, Spain 
' Clinica Universidad de Pamplona, Spain 
Hospital Universitario Ramon y Cajal, Madrid, Spain 
0 Hospital Reina Sofia, Cordoba, Spain 

Hospital Vail dHebron, Instituto de Microcirugia Ocular (IMO), 
Barcelona, Spain 

12 Hospital Universitario Puerta del Mar, Cadiz, Spain 

13 Ophthalmology, Hospital Donostia, San Sebastian, Spain 

14 Ophthalmology Department, Hospital Universitari Germans Trias i 
Pujol, Barcelona, Spain 

5 Ophthalmology, Hospital San Pedro, Logrono, Spain 
16 Jose Carreras Leukemia research Institute-ICO Badalona, Spain 



PLOS ONE | www.plosone.org 



7 



December 2013 | Volume 8 | Issue 12 | e82283 



VRP Susceptibility and T309G MDM2 Polymorphism 



Author Contributions 

Conceived and designed the experiments: SPI IRH JR RGS JCP. 
Performed the experiments: SPI IRH. Analyzed the data: SPI IF RGS 

References 

1. Machcmcr R, Aaberg TM, Freeman HM, Irvine AR, Lean JS, et al. (1991) An 
updated classification of retinal detachment with proliferative vitreoretinopathy. 
Am J Ophthalmol 112: 159-165. 

2. de la Rua ER, Pastor JG, Fernandez I, Sanabria MR, Garcia-Arumi J, et al. 
(2008) Non-complicated retinal detachment management: variations in 4 years. 
Retina 1 project; report 1. Br J Ophthalmol 92: 523-525. 

3. Miller B, Miller H, Patterson R, Ryan SJ (1986) Retinal wound healing. Cellular 
activity at the vitreoretinal interface. Arch Ophthalmol 104: 281—285. 

4. ScottJD (1989) Pathogenesis of PVR with analysis of events leading to recurrent 
retinal detachment. In: P HKaVV, editor. Proliferative Vitreoretinopathy. 
Kaden, Heidelberg, pp. 150-153. 

5. Pastor JC (1998) Proliferative vitreoretinopathy: an overview. Surv Ophthalmol 
43: 3-18. 

6. Wiedemann P (1992) Growth factors in retinal diseases: proliferative 
vitreoretinopathy, proliferative diabetic retinopathy, and retinal degeneration. 
Surv Ophthalmol 36: 373-384. 

7. Zacks DN, Han Y, Zeng Y, Swaroop A (2006) Activation of signaling pathways 
and stress-response genes in an experimental model of retinal detachment. Invest 
Ophthalmol Vis Sci 47: 1691-1695. 

8. El-Ghrably IA, Dua HS, Orr GM, Fischer D, Tighe PJ (2001) Intravitreal 
invading cells contribute to vitreal cytokine milieu in proliferative vitreoretino- 
pathy. Br J Ophthalmol 85: 461-470. 

9. Banerjee S, Savant V, Scott RA, Gurnow SJ, Wallace GR, et al. (2007) 
Multiplex bead analysis of vitreous humor of patients with vitreoretinal 
disorders. Invest Ophthalmol Vis Sci 48: 2203-2207. 

10. Campochiaro PA, Hackctt SF, Vinores SA (1996) Growth factors in the retina 
and retinal pigmented epithelium. Prog Ret Eye Res 15: 547-567. 

11. Charteris DG (1998) Growth factors in proliferative vitreoretinopathy. Br J 
Ophthalmol 82: 106. 

12. Liou GI, Pakalnis VA, Matragoon S, Samuel S, Behzadian MA, et al. (2002) 
HGF regulation of RPE proliferation in an IL-lbeta/retinal hole-induced rabbit 
model of PVR. Mol Vis 8: 494-501. 

13. Hinton DR, He S, Jin ML, Barron E, Ryan SJ (2002) Novel growth factors 
involved in the pathogenesis of proliferative vitreoretinopathy. Eye (Lond) 16: 
422-428. 

14. Harada C, Mitamura Y, Harada T (2006) The role of cytokines and trophic 
factors in cpiretinal membranes: involvement of signal transduction in glial cells. 
Prog Retin Eye Res 25: 149-164. 

15. Mukherjee S, Guidry G (2007) The insulin-like growth factor system modulates 
retinal pigment epithelial cell tractional force generation. Invest Ophthalmol Vis 
Sci 48: 1892-1899. 

16. Pastor JC, de la Rua ER, Martin F (2002) Proliferative vitreoretinopathy: risk 
factors and pathobiology. Prog Retin Eye Res 21: 127—144. 

17. Pastor JG, Mendez MC, de la Fuente MA, Coco RM, Garcia- Arumi J, et al. 
(2006) Intraretinal immunohistochemistry findings in proliferative vitreoretino- 
pathy with retinal shortening. Ophthalmic Res 38: 193-200. 

18. The Retina Society Terminology Committee. (1983) The classification of retinal 
detachment with proliferative vitreoretinopathy. Ophthalmology 90: 121-125. 

19. Michels RG, Wilkinson CP, Rice TA (1990) Retinal Detachment; Mosby, 
editor. 

20. Mietz H, Heimann K (1995) Onset and recurrence of proliferative vitreoretino- 
pathy in various vitreoretinal disease. Br J Ophthalmol 79: 874—877. 

21. Patel NN, Bunce C, Asaria RH, Charteris DG (2004) Resources involved in 
managing retinal detachment complicated by proliferative vitreoretinopathy. 
Retina 24: 883-887. 

22. Aylward GW (2008) Ophtalmology Chapter 6. In: Mosby, editor. Proliferative 
Vitreoretinopathy. 3rd ed. pp. 41. 

23. Silicone Study Group. (1992) Vitrectomy with silicone oil or sulfur hcxafluoride 
gas in eyes with severe proliferative vitreoretinopathy: results of a randomized 
clinical trial. Silicone Study Report 1. Arch Ophthalmol 110: 770-779. 

24. Silicone Study Group (1992) Vitrectomy with silicone oil or pcrfluoropropanc 
gas in eyes with severe proliferative vitreoretinopathy: results of a randomized 
clinical trial. Silicone Study Report 2. Arch Ophthalmol 110: 780-792. 

25. Lewis H, Aaberg TM, Abrams GW (1991) Causes of failure after initial 
vitreoretinal surgery for severe proliferative vitreoretinopathy. Am J Ophthalmol 
111: 8-14. 

26. Lewis H, Aaberg TM (1991) Causes of failure after repeat vitreoretinal surgery 
for recurrent proliferative vitreoretinopathy. Am J Ophthalmol 111: 15-19. 

27. Charteris DG, Aylward GW, Wong D, Groenewald C, Asaria RH, et al. (2004) 
A randomized controlled trial of combined 5-fluorouracil and low-molecular- 
weight heparin in management of established proliferative vitreoretinopathy. 
Ophthalmology 111: 2240-2245. 

28. Turgut B, Uyar F, Ustundag B, Celiker U, Akpolat N, et al. (2012) The impact 
of tacrolimus on growth factors in experimental proliferative vitreoretinopathy. 
Retina 32: 232-241. 



JCP. Contributed reagents/materials/analysis tools: RGS JCP. Wrote the 
paper: SPI JR RGS JCP. Sample collection and updating patient 
information: MTGGJMRM ARS YR SH REM DC JCV. 



29. Schiff WM, Hwang JC, Ober MD, Olson JL, Dhrami-Gavazi E, et al. (2007) 
Safety and efficacy assessment of chimeric ribozymc to proliferating cell nuclear 
antigen to prevent recurrence of proliferative vitreoretinopathy. Arch Ophthal- 
mol 125: 1161-1167. 

30. Rodriguez de la Rua E, Pastor JC, Aragon J, Mayo-Iscar A, Martinez V, et al. 
(2005) Interaction between surgical procedure for repairing retinal detachment 
and clinical risk factors for proliferative vitreoretinopathy. Curr Eye Res 30: 
147-153. 

31. Sanabria Ruiz-Golmenares MR, Pastor Jimeno JC, Garrote Adrados JA, 
Tclleria Orriols JJ, Yugueros Fernandez Ml (2006) Cytokine gene polymor- 
phisms in retinal detachment patients with and without proliferative vitreor- 
etinopathy: a preliminary study. Acta Ophthalmol Scand 84: 309-313. 

32. Rojas J, Fernandez I, Pastor JC, Garcia-Guticrrcz MT, Sanabria MR, et al. 
(2010) A strong genetic association between the tumor necrosis factor locus and 
proliferative vitreoretinopathy: the retina 4 project. Ophthalmology 117: 2417- 
2423 c241 1-2412. 

33. Pastor-Idoate S, Rodriguez-Hernandez I, Rojas J, Fernandez I, Garcia- 
Guticrrcz MT, et al. (2013) The p53 codon 72 polymorphism (rsl042522) is 
associated with proliferative vitreoretinopathy: the Retina 4 Project. Ophthal- 
mology 120: 623-628. 

34. Rojas J, Fernandez I, Pastor JC, Maclaren RE, Ramkissoon Y, et al. (2013) A 
genetic case-control study confirms the implication of SMAD7 and TNF locus in 
the development of proliferative vitreoretinopathy. Invest Ophthalmol Vis Sci 
54: 1665-1678. 

35. Moysidis SN, Thanos A, Vawas DG (2012) Mechanisms of inflammation in 
proliferative vitreoretinopathy: from bench to bedside. Mediators Inflamm 2012: 
815937. 

36. Rosenbaum DM, Rosenbaum PS, Gupta H, Singh M, Aggarwal A, et al. (1998) 
The role of the p53 protein in the selective vulnerability of the inner retina to 
transient ischemia. Invest Ophthalmol Vis Sci 39: 2132-2139. 

37. Cook B, Lewis GP, Fisher SK, Adlcr R (1995) Apoptotic photoreceptor 
degeneration in experimental retinal detachment. Invest Ophthalmol Vis Sci 36: 
990-996. 

38. Arroyo JG, Yang L, Bula D, Chen DF (2005) Photoreceptor apoptosis in human 
retinal detachment. AmJ Ophthalmol 139: 605-610. 

39. Rickcr LJ, Altara R, Goezinnc F, Hendrikse F, Kijlstra A, et al. (201 1) Soluble 
apoptotic factors and adhesion molecules in rhegmatogenous retinal detach- 
ment. Invest Ophthalmol Vis Sci 52: 4256-4262. 

40. Lo AC, Woo TT, Wong RL, Wong D (201 1) Apoptosis and other cell death 
mechanisms after retinal detachment: implications for photoreceptor rescue. 
Ophthalmologica 226 Suppl 1: 10-17. 

41. Moll UM, Petrenko O (2003) The MDM2-p53 interaction. Mol Cancer Res 1: 
1001-1008. 

42. Iwakuma T, Lozano G (2003) MDM2, an introduction. Mol Cancer Res 1 : 993- 
1000. 

43. Lei H, Rheaume MA, Gui J, Mukai S, Maberley D, et al. (2012) A novel 
function of p53: a gatekeeper of retinal detachment. AmJ Pathol 181: 866-874. 

44. Bond GL, Hu W, Lcvine A (2005) A single nucleotide polymorphism in the 
MDM2 gene: from a molecular and cellular explanation to clinical effect. 
Cancer Res 65: 5481-5484. 

45. Bougeard G, Baert-Desurmont S, Tournier I, Vasscur S, Martin C, et al. (2006) 
Impact of the MDM2 SNP309 and p53 Arg72Pro polymorphism on age of 
tumour onset in Li-Fraumeni syndrome. J Med Genet 43: 531-533. 

46. Di Vuolo V, Buonaguro L, Izzo F, Losito S, Botti G, et al. (2011) TP53 and 
MDM2 gene polymorphisms and risk of hepatocellular carcinoma among Italian 
patients. Infect Agent Cancer 6: 13. 

47. Alhopuro P, Ylisaukko-Oja SK, Koskinen WJ, Bono P, ArolaJ, et al. (2005) The 
MDM2 promoter polymorphism SNP309T— >G and the risk of uterine 
leiomyosarcoma, colorectal cancer, and squamous cell carcinoma of the head 
and neck. J Med Genet 42: 694-698. 

48. Akaike H (1974) A new look at the statistical model identification. IEEE Trans 
Automat Gontr 19: 716-723. 

49. R Development Core Team. (2010) R: A language and environment for 
statistical computing. R Foundation for Statistical Computing. Vienna, Austria, 
pp. Available at: http://www.R-project.org/ Accessed April 2, 2012. 

50. Elmore S (2007) Apoptosis: a review of programmed cell death. Toxicol Pathol 
35: 495-516. 

5 1 . Saika S, Kono-Saika S, Tanaka T, Yamanaka O, Ohnishi Y, et al. (2004) Smad3 
is required for de differentiation of retinal pigment epithelium following retinal 
detachment in mice. Lab Invest 84: 1245-1258. 

52. Saika S, Yamanaka O, Nishikawa-Ishida I, Kitano A, Flanders KC, et al. (2007) 
Effect of Smad7 gene overexpression on transforming growth factor beta- 
induced retinal pigment fibrosis in a proliferative vitreoretinopathy mouse 
model. Arch Ophthalmol 125: 647-654. 



PLOS ONE | www.plosone.org 



8 



December 2013 | Volume 8 | Issue 12 | e82283 



VRP Susceptibility and T309G MDM2 Polymorphism 



53. Yu J, Peng R, Chen H, Cui C, Ba J (2012) Elucidation of the pathogenic 
mechanism of rhegmatogcnous retinal detachment with proliferative vitreor- 
etinopathy by proteomic analysis. Invest Ophthalmol Vis Sci 53: 8146-8153. 

54. Bhattacharya S, Ray RM, Chaum E, Johnson DA, Johnson LR (2011) 
Inhibition of Mdm2 sensitizes human retinal pigment epithelial cells to 
apoptosis. Invest Ophthalmol Vis Sci 52: 3368-3380. 

55. Zhang C, Rosenbaum DM, Shaikh AR, Li Q, Rosenbaum PS, et al. (2002) 
Ischemic preconditioning attenuates apoptotic cell death in the rat retina. Invest 
Ophthalmol Vis Sci 43: 3059-3066. 

56. Yang P, McKay BS, Allen JB, Jaffe GJ (2004) Effect of NF-kappa B inhibition on 
TNE- alpha- induced apoptosis in human RPE cells. Invest Ophthalmol Vis Sci 
45: 2438-2446. 



57. Assmann G, Wagner AD, Monika M, Pfoehlcr C, Pfreundschuh M, et al. (2010) 
Single-nucleotide polymorphisms p53 G72C and Mdm2 T309G in patients with 
psoriasis, psoriatic arthritis, and SAPHO syndrome. Rheumatol Int 30: 1273- 
1276. 

58. Brennan RC, Fcdcrico S, Bradley C, Zhang J, Flores-Otero J, et al. (2011) 
Targeting the p53 pathway in retinoblastoma with subconjunctival Nutlin-3a. 
Cancer Res 71: 4205-4213. 

59. Dcmpflc A, Schcrag A, Hein R, Beckmann L, Chang-Claude J, et al. (2008) 
Gene-environment interactions for complex traits: definitions, methodological 
requirements and challenges. Eur J Hum Genet 16: 1164—1172. 

60. Crawford DC, Nickerson DA (2005) Definition and clinical importance of 
haplotypcs. Annu Rev Med 56: 303-320. 



PLOS ONE | www.plosone.org 



9 



December 2013 | Volume 8 | Issue 12 | e82283 



